morphism is x --px and the second one is the connecting homomorphism W*.
If we observe that G is generated by a,,. . ., a., we can interpret a* in the following way. Define a homomorphism X of L to the product P = v1 X ... X v. by X (x -aoX)1X -a2o1x, )-Then X defines a homomorphism X* of M to P/X(pJ), and this is substantially a. Therefore Im(X*) is isomorphic to M/p(M), i.e., to (M/N)/p(M/N). Hence the rank of Im(X*) is p + ,3-2. On the other hand, consider the homomorphism jof P to VJ/VN defined by (x1,..., Xa) x0ismod pN.
We know that j , is surjective. Moreover, since we have A = 0, we get an epimorphism IA* of P/X(,J) to pJ/pN. Since the kernel of the restriction of X to pJ is ,J n M = pN, which is of rank B1, the rank of X(pJ) is 2g -B1. Therefore, the rank of Ker(MA*) is a -2(2g -B1). Since Im(X*) is contained in Ker(MA*), we finally get p + X-2 < a -2(2g -B1),
and this is another way of writing the inequality p . B2. municated to Burk ' that "The preliminary results'... .await confirmation and extension." In 1943 we reported trials4 with extracts of Azotobacter vinelandii using N'5 as a tracer which provided a much more sensitive tool for this research. Although these experiments were uniformly unsuccessful, attempts to obtain cellfree fixation were continued with preparations from Clostridium pasteurianum, Rhodospirillum rubrum, blue-green algae, and leguminous nodules, in addition to the extracts of A. vinelandii. Positive results were obtained in a number of experiments,5-8 but the levels of fixation were usually small and were rarely consistent, so that these studies were of little value in investigating the mechanism of nitrogen fixation. Communications from other laboratories during this period included a report by Wilson and Roberts9 who also were unable to obtain nitrogen fixation by cell-free extracts of the azotobacter. Nason et al."0 presented a paper indicating that suspensions of A. vinelandii, partially disrupted by sonic oscillation, fixed nitrogen at a rate apparently greater than that predicted for the intact cells present. It should be noted that, despite their loss of nitrogen fixing ability, the cell-free preparations from A. vrnelandii readily utilized ammonia in the synthesis of amino acids and proteins. "I In 1958, Hoch and Westlake'2 reported detectable fixation of nitrogen by extracts of C. pasteurianum. Although the levels of fixation were small, these results were encouraging, because the preparations appeared to be free from viable cells, and because these tests yielded the first positive results with preparations other than those from the azotobacter. To our knowledge, however, the first report of consistent nitrogen fixation at a high level by cell-free preparations is that of Carnahan, M\ortenson, Mower, and Castle.3 They demonstrated that soluble extracts of C. pasteurianum, prepared either by autolysis of dried cells or by rupture of fresh, frozen cells with a Hughes press, gave substantial levels of nitrogen fixation when supplied with pyruvate.
This communication is to report that by employing the preparative techniques of Carnahan et al. ' we have confirmed their significant results and in addition have obtained nitrogen fixation by extracts of R. rubrum. Results of cell-free fixation by preparations, obtained by other methods of enzyme extraction, from a number of blue-green algae also are included.
Materials and Methods. C. pasteurianum was grown at 30'C in a nitrogendeficient medium ; 14 8 liters, contained in 9-liter serum bottles, was inoculated with 500 ml of an active culture and kept stagnant until growth was initiated, then high purity nitrogen was bubbled slowly through the system. The cultures normally were harvested after about 36 to 48 hours, when the cells were recovered by centrifugation at 2,000 X g at 0C for 15 minutes, washed once in 0.05 ill phosphate buffer, pH 6.8, and recentrifuged. The cells were resuspended in a small volume of phosphate buffer and were dried under high vacuum at 400 to 50'C with a rotary evaporator. The dried cells were stored under an atmosphere of nitrogen at -10C until required.
Rhodospiritlum rubrum was grown in the light at 30'C in a nitrogen-deficient modification of the medium described by Gest et at." The procedures used in the growth of this organism were essentially the same as those for C. pasteurianum, and the cells also were harvested and dried in the same way.
The blue-green algae were grown at 240C in the light in a mineral salts medium which was the same as that described by Allen and Arnon.16 Air was bubbled slowly through these cultures.
Cell-free preparations of C. pasteurianum and of R. rubrum were made from the dried cells by the method of Carnahan et al. ' 3 After suspending the dried cells in a suitable volume of 0.05 M, pH 6.8 phosphate buffer (containing 10 mg Na2MoO4 -2H20 and 10 pg biotin/liter), autolysis was allowed to proceed on a shaker for 1 hour at 30°to 320C under an atmosphere of hydrogen. The autolysate was subsequently chilled and centrifuged at 20,000 X g for 15 minutes at 0C, and the clear supernatant solution was used directly in the experiments.
Cell-free extracts of the blue-green algae were usually prepared by sonic disruption of the freshly harvested cells in a Raytheon 10 kilocycle magnetostrictive oscillator for 5 minutes at 10'C. The suspensions were centrifuged at 5,000 X g at 0C for 30 minutes; then the supernatant solution was recentrifuged at 20,000 X g for 20 minutes. The final supernatant solution was used immediately in the experiments. At times, the supernatant solutions and sedimented pellets obtained by other centrifugal treatments were checked for ability to fix nitrogen.
To test their nitrogen-fixing activity, the cell-free preparations were exposed to atmospheres which contained 0.03 to 0.15 atm N2 (18 to 96 atom per cent N"5 excess). The remainder of the atmosphere in the i eaction vessels normally consisted of helium in the experiments with the anaerobes and of helium plus oxygen with the blue-green algae. After incubation at 30'C for periods which ranged from 10 minutes to 4 hours, the uptake of N215 was estimated according to the methods described by Burris Resulis.-Clostridium pasteurianum: The results summarized in Table 1 Each flask contained 1 ml enzyme preparation, 5 pmoles a-ketoglutarate, and the additions shown above in a total volume of 2.1 ml; the atmosphere contained 0.15 atm N2 (96.2 atom % N1" excess) and 0.85 atm helium. Alkaline pyrogallol in the center wells absorbed 02; incubation was at 320C for 3 hours. pyruvate proved to be the most effective substrate in promoting the fixation of nitrogen; the precise role of pyruvate in the process is not known. The fixation obtained in the absence of added pyruvate may have been supported by endogenous pyruvate present in the enzyme preparation. As shown by Carnahan et al.,13 a-ketoglutarate was ineffective in supporting nitrogen fixation, but was routinely added to the reaction mixtures in our experiments to prevent the accumulation of possibly inhibitory levels of ammonia. Lactate plus DPN was unable Expeyiment B. Each flask contained 1 ml enzyme preparation, 10 mg sodium pyruvate, and 5 pmoles a-ketoglutarate in a total volume of 1.5 ml; alkaline pyrogallol was in the center well. The gas phase consisted of 0.13 atm N2 (96.2 atom % N"s excess) and helium to one atmosphere.
to substitute for pyiuvate in supporting nitrogen fixation and instead proved to be inhibitory. The inclusion of phenyl pyruvate in the reaction mixtures gave levels of fixation which were only slightly higher than those obtained in the controls without pyruvate. Table 2 shows the results of two experiments on the time course of nitrogen fixation by cell-free preparations. In experiment A, in which each flask contained 20 mg of sodium pyruvate, the fixation of nitrogen continued for 160 minutes and the highest N'5 concentration was in the last sample taken. However, in experiment B, in which each flask contained only 10 mg of pyruvate, the maximum levels of fixation were obtained at 60 minutes. It is not clear why the 120-minute and 240-minute values in experiment B were lower than those obtained after 60 minutes. It is possible that the manifolds bearing these flasks may have leaked, admitting air which reduced the effective atom per cent N'5 excess of the nitrogen. Asparagine amide N 0.345 0.569
Eight flasks were set up, each containing 1 ml enzyme preparation and 20 mg sodium pyruvate in a total volume of 1.2 ml. The center wells contained alkaline pyrogallol. The gas phase consisted of 0.10 atm N2 (96.2 atom % N"s excess) and 0.90 atm helium. After 60 minutes incubation (32'C), the contents of four flasks were harvested and pooled and subsequently analyzed. After 180 minutes the procedure was repeated with the remaining four flasks. Table 3 furnishes some results from an experiment which was designed to investi-gate the products of N2'5 fixation by the cell-free extracts. After allowing fixation of nitrogen (containing 96.2 atom per cent N"5 excess) to proceed for periods of one and three hours, various nitrogenous fractions in the reaction mixtures were isolated and analyzed for N"5. The free ammonia was separated from the reaction mixtures by distillation in vacuo at 40'C and pH 10 according to the method of Pucher et al." Subsequently, the pH of the reaction mixtures was adjusted to 6.5 and glutamine was hydrolyzed at 120'C in the autoclave for 30 minutes. The resultant ammonia, which represented the glutamine amide nitrogen, was obtained by distillation in vacuo at pH 10 as before. The reaction mixtures then were acidified to give a final concentration of N H2SO4, and asparagine was hydrolyzed in the autoclave for one hour. The ammonia, which represented the asparagine amide nitrogen was once more obtained by distillation at pH 10. These methods for glutamine and asparagine amide nitrogen are essentially the same as those described by Vickery et al. 19 Values of 42 and 52 atom per cent N'5 excess were found in the free ammonia (see Table 3 ). The amide nitrogen of glutamine contained substantial, but lower, amounts of N'5, and the atom per cent N'6 excess of the asparagine amide nitrogen was relatively low. These observations support the ammonia hypothesis of nitrogen fixation. The high levels of N'5 in the free ammonia increase the likelihood that, with these cell-free preparations, the intermediates between molecular nitrogen and ammonia may be identified.
Rhodospirillum rubrum: The results of some preliminary experiments on nitrogen fixation by cell-free extracts of R. rubrum are given in Table 4 . Although the levels The reaction mixtures usually contained 2 ml of the enzyme preparation, together with the indicated additions, in a total volume of about 2.5 ml. The gas phase usually contained 0.06 atm N2 (96.2 atom % N16 excess) and 0.5 atm of helium. Incubation was for two hours at 30°C. of fixation are high, these experiments give no clear-cut indication of the source of the reducing power necessary for the reduction of the elemental nitrogen. Even in the absence of added substrates, the fixation levels in the dark were approximately the same as those obtained in the light. Thus, these enzyme preparations seem to have sufficient endogenous "reducing power" to support very satisfactory levels of nitrogen fixation. Experiments are at present in progress to identify this "reducing power" and to investigate its precise relationship to the nitrogen fixation process.
Blue-green algae: The results of some experiments on N2'5 fixation by cell-free extracts of five species of blue-green algae are shown in Table 5 . These experiments The atom per cent N'" excess values in experiments 1, 2, and 3 are for the TCA-soluble fraction of the reaction mixtures. In experiments 4 and 5 the whole reaction mixtures were analyzed for Nil. The enzyme preparations used consisted of the supernatants which remained after the indicated centrifugal treatments. The gas phases used were:
Experiment 1 -0.1 atm N2 (96 atom % Nl5 excess) 0.2 atm 02. The remainder of the gas phase always was helium. The cells were broken with a sonic oscillator except for experiment 7a in which the Hughes press was used. In experiment 6, the broken cells were centrifuged at 5,000 X g for 30 min and in experiments 7 and 8 at 12,000 X g for 30 minutes. The supernatant solution was used as the source of the enzyme; ATP Except where indicated 0.1 to 0.2 atm 02 was also included and the remainder consisted of helium. The reaction mixture was exposed to N2l5 at 30 to 32'C for 120 min.
were all performed in the light at 280 to 30°C. The nitrogen-fixing activity was not sedimented from suspensions of the broken cells by centrifugal forces up to 45,000 X g for 45 minutes. Since the most active preparations were regularly obtained from Mascigocladus laminosus, this organism was used most frequently in subsequent experiments. Table 6 shows the results of some changes in the reaction conditions in experiments with M. laminosus and Gloeotrichia echinulata. The N'5 levels obtained in the light tended to be somewhat higher than those obtained in the dark and anaerobic conditions seemed to be just as favorable as aerobic. The incorporation of ATP, DPN, and TPN in the reaction mixtures had no consistent effect on the levels of nitrogen fixation. Discussion.-The discovery of Carnahan and co-workers'3 that dried preparations of C. pasteurianum can yield soluble enzyme systems capable of nitrogen fixation should prove of great value in studies on the mechanism of the nitrogen fixation process. Our success in applying their method to Rhodospirillum rubrum suggests that the mode of preparation of active extracts may be generally successful for anaerobic nitrogen fixers. As yet, these methods have not been applied successfully to aerobic organisms.
The blue-green algae also show promise for studies of cell-free nitrogen fixation. Although the fixation to date has been less vigorous than that obtained with the anaerobes, it consistently has been at a level which can be studied easily. It will be of particular interest to determine whether or not there is a specific coupling between the photosynthetic reaction and biological nitrogen fixation.
The availability of consistently active cell-free, nitrogen-fixing preparations should hasten the discovery of the intermediates in this process. Our preliminary studies, i.e., the isolation of ammonia with a high level of N" from the reaction mixture, and those of Carnahan et al. ' 3 already have verified the position of ammonia as an early product of nitrogen fixation. No convincing evidence has yet been obtained to identify the intermediates occurring between molecular nitrogen and ammonia, but the isolation of these products now seems much more feasible. Since fixation of nitrogen by the extracts of C. pasteurianum appears to be coupled to the metabolism of pyruvate, it will be of interest to investigate this relationship more completely.
Summary.-Cell-free nitrogen fixation has been achieved with preparations from Clostridium pasteurianum, Rhodospirillum rubrum, and several species of blue-green algae. The observations of Carnahan et al.'3 with C. pasteurianum have been fully verified. The fixation by the preparations from this organism is coupled to the metabolism of pyruvate. The isolation of free ammonia, containing up to 52 atom per cent N" excess, from the reaction mixtures provides support for the ammonia hypothesis of nitrogen fixation.
This communication appears to be the first report of substantial cell-free fixation of nitrogen by Rhodospirillum rubrum and by blue-green algae.
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Fitzgerald for their aid in the purification and culture of the blue-green algae. The early microscopical observations of Rabinowitsch and Kempner1 in 1899 established the fact that Trypanosoma lewisi reproduce in the blood of rats only during the first few days of the infection and remain thereafter in the blood for several weeks or months as nonreproducing adults.2 In 1924, Taliaferro3 demonstrated that this behavior is brought about by the development in the rat of a passively transferable serum component which specifically inhibits mitosis and growth of the parasites without detectable effects on their vitality or infectivity. Later, he named the serum component ablastin and showed that it is a globulin and possesses the other general characteristics of an antibody except that it is not adsorbed from immune serum by living parasites. 4 The characteristic of nonadsorbability may be the result of an unsatisfactory antigen preparation and/or a very low avidity, i.e., a low antigen-binding capacity.5 It has proved to be very useful for separating ablastin from the trypanocidal factors in serum.
